Introduction
One of the most monitored working area parameters, which can be dangerous for human health, is the dust mass concentration in environment air. From hygienic viewpoint, the dust is defined as small particles of solid state materials, which are dispersed in environment air otherwise which are sedimentary on various objects. These particles come from the various technological operations (metallurgical technological operations, combustion of various substances, ore-working industry, threadmills, cement industry, cereals cleaning, processing of dry vegetal materials, wood processing etc.).
Different physical phenomena are raised for different dust particles (gravity, air resistance, airflow, electrical attraction or repulsion). Particles with dimension over the 10μm are sedimentary in several minutes after their creation (or after repeatedly expelling) close to the dust source. Consequently, the working environment air is contaminated with particles smaller then 10μm. Particles smaller then 10μm sedimentary 7 very slowly and particles smaller then 0,1μm almost never sedimentary. So, every particles bigger than 10μm are very dangerous for human, because of their possibility to reach deeply inside the lungs [1, 2, 3] .
There is a variety of direct-reading aerosol monitors using light-scattering detectors (Fig. 1) . These instruments generally have advantages in reduced weight, improved ruggedness, and continuous readout when compared with other direct-reading aerosol monitors. These instruments can be used to provide accurate dust concentration measurements as described below, though in most situations they are most useful for approximate or relative concentration measurements. Their principle advantage is that of providing real time information.
An aerosol is a group of particles suspended in the air. Aerosols can be introduced into the body primarily through the respiratory system. Total dust measurements indicate concentrations that can enter the nose and mouth of a worker as well as that which can settle on the skin while the respirable fraction of dust [1, 12] Light-scattering aerosol monitors (also called nephelometers or aerosol photometers) operate by illuminating aerosol passing through a defined volume and detecting the total light scattered by all the particles in that volume (Figure 1) . Detection of the scattered light intensity permits the measurement of low dust concentrations in air. Its practical uses include flue gas measurement, determination of visibility in road tunnels, and the monitoring of filter installations for pollutants (insecticides, dyes, chemicals) coming from manufacturing processes. Aerosols of liquids such as sulfuric acid mist in exhaust gases and oil mist in ship engine rooms are also measured this way. [4] .
is the case only in a vacuum. Any change in the optical properties will deflect the light beam from its path. This physical process, which is referred to as the scattering of light by particles, causes the phenomenon of turbidity (Fig. 2) . [3, 4] .
The phenomenon is not limited to particles visible to the naked eye or in a microscope, however. Even in pure air or pure water, some scatter occurs at the molecules. Though this molecular scatter is very p, it can never be neglected entirely: for example, the sky looks blue because the sunlight is being scattered by the air's molecules.
One process that takes place when light is scattered is diffraction, and another is the excitation of radiation. Diffraction occurs because of the light's wave character: if a wave passes an obstacle in the immediate vicinity, it will be deflected from its path. The deflection angle depends on the relation between the wavelength and the size of the obstacle. The second process occurs because the atoms are excited, i.e. raised to higher energy levels, to radiate off the light that has struck them. This light will be radiated in various directions, depending on the particle characteristics, in accordance with the laws of light refraction, reflection, and dipole radiation. (A mirror's reflection is a special case of this.). The following Figure (fig. 3 ) illustrates the variables that affect the intensity of the scattered light [3, 4] . 
Scattered Light
In an optically homogeneous medium (with constant refractive index and absorption), the light progresses in a straight line. Strictly speaking, this Fig. 3 : Light scatter caused by a spheroidal particle [3, 4] .
The diagram shows an incident light beam with intensity Iinc I inc and wavelength l striking a spheroidal particle. The intensity Isc of the scattered light is a function of the scatter angle, the particle size, the wavelength, and the optical properties of the particle and the medium. Symbolically, then, close to the transmitted light.
By measuring the scattered light at two different angles (such as 90° and 25°), one can obtain a ratio to deduce the particle size. A practical application of such dual-angle measurement is the monitoring of beer filtration [3, 4, 5] .
Particle Size and Color Influence to Dust Mass Concentration Measurement
The light scattered by a particle and therefore the turbidity of a given suspension depends heavily on the size of the particle in question.
If the particle size in a suspension changes, either the number of particles or the aggregate particle mass may remain constant. The former situation (constant number of particles) occurs in the case of crystal growth or water buildup, the latter (constant aggregate mass) in the case of decomposition or agglomeration. This distinction is important, because the effects of the two cases on scattered light intensity are very different.
The following Figure (Fig. 6 ) illustrates how the scattered light intensity of various materials depends on particle diameter, assuming a constant number of particles. Above 0.3 µm, the scattered light increases in proportion to the square of the (effective) section of the particles. In the case of extremely p particles of less than 0.3 µm, the scattered light intensity increases in proportion to the square of the volume, i.e. raised to the sixth power of the diameter (dipole radiation) [3, 4, 5] .
Where the aggregate mass remains constant, the picture (Fig. 6) is entirely different. Above the maximum of 0.3 µm, the scattered light intensity declines in proportion to 1/d because the number of particles declines in proportion to the cube root even though their diameter increases in relation to Fig. 4 Scatter angle [3, 4, 5] .
light (Fig. 4) [3, 4, 5] .
The polar diagram (Fig. 5 ) in the following Figure  shows how the intensity of scatter varies as a function of the angle for two particle diameters.
As the diagram shows, very p particles scatter the light in all directions with about the same intensity. With increasing particle diameter, the scatter intensity increases generally and becomes lopsided, i.e. perceptibly greater at per angles.
This phenomenon is exploited by turbidimeter designers to improve their sensitivity: the per the measurement angle, the greater the amount of available light. But this relation is limited by the occurrence of stray light, which increases sharply ( , , , )
where Q represents the scatter angle, d the particle diameter, l the wavelength, and n the refractive index in relation to the medium. The explicit formulation of this equation is the subject of scatter theory. In the case of spheroidal particles, the general solution for any values of the variables is provided by the Mie Theory. It encompasses the Rayleigh Theory, which addresses the special case of very tiny particles (< 0.05 µm). The equation has a complex mathematical structure that lends itself to solution by computer.
A practical application of scattered light measurement is determination of the turbidity value, which provides information on the concentration of solids in liquid and gaseous media. The scatter angle is the angle between the scatter direction observed and the outlet axis of the transmitted [3, 4, 5] . the square. Below 0.3 µm, the scattered light inten- [6] as well as thick and thin-walled stacks.
The FW100 operates according to the scattered light measurement principle (forward scattering). Since it is extremely sensitive, this principle is particularly suitable for measuring very small particle concentrations. A laser diode directs a beam of modulated light (in the visible range) at the dust particles in the gas flow (Fig. 9) . The light scattered by the particles is recorded by a highly sensitive detector. The point of intersection between the transmitted beam and the receiver aperture defines the measuring volume in the gas duct. The measured scattered light intensity is proportional to the dust concentration. After a gravimetric comparison measurement, for example according to EN 13284-1 and VDI 2066, therefore, a measurement signal that is directly proportional to the dust [3, 4, 5] sity increases in proportion to d cubed (Fig. 7) .
In the real world, there is practically no such thing as a suspension with just one particle size (monodisperse). Normally one encounters a distribution of particle sizes (polydisperse). Nevertheless, the behavior remains essentially as depicted in the above graphs.
The effect of the particles' color on the intensity of the scattered light they create is generally overestimated. For example, people are often skeptical of the idea that even black particles will scatter light. It is an undisputed fact, however, that elementary carbon in various forms (soot, graphite, coal) produces scattered light of the same order of magnitude as white diatomaceous earth (SiO2).
Dust measurement
The following Figure (Fig. 8) compares the scatter intensities of soot and white products of various particle size in air and water.
The Sensor FW100 (Fig. 9 ) series is designed to conduct continuous measurements of very low 
Calibration of Dust Monitor Based on Light Scattering Principle
Most photometers are factory-calibrated by comparing the instrument response in a welldefined aerosol to measurements by the gravimetric method (e.g. Method 0600). The instrument response at one or more concentrations is compared with the gravimetric method result. In most cases, the photometer response is modified to read directly in mg/m 3 . However, it should be remembered that this calibration is only valid for the specific calibration aerosol and may differ by as much as a factor of ten when used with an aerosol from a different source, different composition, or size distribution. The factory calibration of this type is primarily useful to ensure that the instrument is operating properly and responding the same as other similar instruments. It does not ensure that the photometer will respond accurately to another aerosol. An aerosol photometer measures a single parameter that is dependent on many variables, e.g., particle size distribution, particle agglomeration, particle refractive index, that can and does change in field situations. Therefore, it is necessary that the aerosol photometer be calibrated in conditions closely approximating the aerosol to be monitored. Calibration is carried out by comparing the time-weighted average photometer readings directly with field measurements using Method 0600. Most photometers do not protect the optical surfaces with a clean air sheath and should be checked frequently for zero drift during calibration and routine monitoring [7] [8] [9] [10] [11] .
Conclusion
Dust mass concentration measurement is very important quantity for evaluation of human environment. Dust particles cause many diseases and health problems. It is necessary to monitor environment for this purpose. As result of these measurements, it is possible to design any protection and devices for dust trapping. Photometer dust mass concentration measurements with fast, simple and capable of continuous measurement characteristics, is a widely used dust mass concentration measurement method. Our work is to study and develop a set of dust mass concentration measurement system based on the photometry [7] [8] [9] [10] [11] .
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